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Abstract 
When simulating, by FE analyses, the mechanical behavior of complex structures, different degrees of mesh 
refinement or different element formulations may be needed throughout the structure. Indeed, depending on the 
geometrical configuration of the structure and on its response in terms of stress distributions to the applied loading 
conditions, some regions may need to be represented by an increased number of elements, or by elements of higher 
order to guarantee the desired accuracy in results. When dealing with such complex structures, multiscale (global-
local) approaches are commonly adopted to optimize the computational cost by increasing mesh refinements and /or 
introducing elements with different formulations in specific region of the structures identified as  “local  model” and 
connected to the rest of the structure identified as “global model”.This paper addresses the issue of connecting non 
matching FE global and local modelsby introducing appropriate kinematic constraints at the interfaces. A sensitivity 
analysis on simple specimen is presented here. The aim is to investigate and to discuss the capability of the most 
common FE based tools to deal with global-local Analysis. The continuity of displacements and stresses across the 
interface between global and local models and the influence of the presence of the local model on the global model 
solution are used as parameters to test the quality of results. The work presented in this paper has been funded by the 
European Community’s Seventh Framework Programme (FP7/2007-2013) under the grant agreement n° 234147. 
Keywords: FEM; MPC; Global-local; FE based codes. 
1. Introduction 
One of the most critical issues for  a Finite Element Analysis is to estimate and minimize errors related 
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to the representation of the continuum by means of discrete elements. 
The simplest way to minimize these errors is to use a set of very little elements, very close to each 
other. Nevertheless, a huge amount of elements, while increasing the accuracy of results, would strongly 
increase the computational cost.Hence, for very large domains, such an approach would be not applicable 
or at least not effective from a computational cost perspective. 
The most common solution to this issue is to use a very large number of elements only in some critical 
areas of the investigated domain, also called local domains,where the solution is expected to show 
significant variations in small spatial and/or temporal intervals. Transition elements can then be used to 
connect the refined local domain to the coarser global domain. Aninteresting example of transition 
element was developed by Davila and Johnson [1] to predict the compression strength of dropped-ply 
graphite-epoxy laminated plates. Each transition element was used to connect a shell element to a stack of 
brick elements needed to capture the fully three-dimensional response in the vicinity of the dropped ply. 
Numerical results were in good agreement with the experimental measurements.  
Cho and Kim [2] investigated the bifurcation buckling problem of a delaminated composite laminated 
by means of transition elements. In order to save computer resources without losing accuracy, layerwise 
elements were used in the local delaminated region. These elements were able to accurately describe the 
geometric deformations of the delaminated zone,being still computationally less expensive than three-
dimensional elements. On the other hand, in the not delaminated partwhere the deformation patterns are 
less complicated with respect to the delaminated region, the first order shear elements were used. 
Thetransition elementwas then used to connect the global not delaminated zone and the local delaminated 
one.The predicted buckling load was found in good agreement with the obtained one with a fully 
layerwise model. In [3] this transition element was demonstrated to be effective for the simulation of the 
postbuckling behaviour of delaminated composites under compressive loads.However, the use of 
transition elements implies a relevant expertise in the formulation of the transition mesh because the 
presence of distorted elements can invalidate the solution in the transition regions.In order to effectively 
study local phenomena, more affordabletools are available in FE codes to couple finite element models 
with different mesh densities and/or different element types. Such coupling methods allow carrying out 
very efficient and reliable global/local analyses on large structural components.Alesi et al. [4] used the 
ABAQUS capability based on the Multipoint Constraint (MPC) theory [5]to study skin/stringer interfaces 
in stiffened panels. Since at skin/stringer interfaces the stress state is fully three-dimensional, brick solid 
finite elementswere used to model these critical areas; on the contrary, a global two-dimensional plate 
finite element model was used for the rest of the panel. The global two-dimensional and the local three-
dimensional model for the analyzed panels were connected by means of the multipoint constraint 
approachimplemented in ABAQUS. The shell to solid coupling option in ABAQUS® code was also 
tested by Krueger and Brien [6] and Krueger and Minguet[7] torespectively investigate on the 
delamination propagation and on the skin-stiffener debonding in composite laminates.Pietropaoli and 
Riccio[8]used the multipoint constraint approach implemented in ANSYS® code[9] to couple a coarse 
shell model of a stiffened composite panel to a detailed brick model representing a delaminated region to 
test the effectiveness of a new tool for the interlaminar andintralaminar damage onset and evolution.The 
aim of the present work is to study and discuss the global/local tools available in the most common FE 
based codes. Hence, the coupling methods implemented in ABAQUS® code and ANSYS® codeare 
compared by means of a common numerical test case, consisting in the non-linear buckling analysis of a 
square plate.Changes in the stiffness of the structure due to the application of the coupling method, 
continuity of displacement and stresses at the global-local interfacesare chosen as key parameters for the 
evaluation of the coupling methods.Results obtained by using the coupling methods were compared to 
reference results obtained by using a uniform discretization with a very detailed mesh.  
A. Sellitto et al. / Procedia Engineering 10 (2011) 421–426 423
2. Coupling tools 
In this section the coupling toolsavailable in ANSYS® code and ABAQUS® code are briefly 
presented. The tools herein described are the ANSYS® code contact and target elements and the 
ABAQUS® code MPC and Kinematic coupling via weight functions.  
ANSYS®Contact and target elements (Conta and Target):contact and target elements can be used at 
interface between local and global domains. DOFs are transferred from a domain to another via weight 
functions. The weight functions depend on the distance between nodes of the domains 
ABAQUS®MPC (Linear, Bilinear, SSF Bilinear): the ABAQUS® MPC approach is similar to the one 
described in Alesi et al. [4], where the degrees of freedom of a solid node can be related to those of 
boundary shell nodes.According to the coupling type (shell-shell/shell-solid), different MPC approaches 
are available in ABAQUS® code. For a Shell-to-Solid coupling, SLIDING MPC have to be employed in 
conjunction with the interpolation functions SS LINEAR, SS BILINEAR and SSF BILINEAR.SLIDING 
MPC maintains consistency with standard shell theory by forcing initially straight lines through the 
thickness to remain straight despite of rotation and displacement, SS LINEAR is used with first-order 
elements, SS BILINEAR is used at the edges of second-order elements and SSF BILINEAR is used for 
the middle of second-order elements. 
ABAQUS®Kinematic coupling via weight functions: this coupling method is a surface-based technique 
for coupling shell elements to solid elements. The coupling occurs along a Shell-to-Solid interface 
defined by two user-specified surfaces: an edge-based shell surface and an element- or node-based solid 
surface.The displacement constraint for the shell node is obtained by setting the displacement of the shell 
node us, equal to the weighted average of the displacements of the nodes in the solid. The weight factor 
depends from the distance between nodes. 
3. Test case description 
The numerical Test Case presented in this paper consists in a square plate as shown in Fig.1 (a). The 
plate has been divided into two domains: an external coarse domain and an internal refined domain, which 
are referred to as “global” and “local” respectively. The local domain has been defined as the internal 
square of 83 mm x 83 mm centered in the plate.The two differently modeled domains are connected with 
the coupling methodologies presented in the previous section.The geometrical and material data are 
reported in Table 1. 
Table 1. Geometrical and material data. 
Geometrical data Material data 
l (mm) h (mm) t (mm) E1 (GPa) E2 (GPa) G12 (GPa) Ȟ12 
110 110 1.504 146.7 9.9 5.65 0.28 
The stacking sequence of the plate is [45,-45,0,90]s. The nominal thickness of each ply is 0.188 mm
which leads to a total thickness of 1.504 mm. Panel’s material data are representative of the Cycom 977-2-
34-12K-HTS-196-T1-300 material.Each edge of the global domain has been discretized with 30 elements 
along the interface and 5 elements along the diagonals, while the local domain’s edges have been  
discretized with different number of elements (see Fig. 1 (b)). 
Four main mesh combinations have been studied and they are reported in Fig. 1 (b). These 
combinations are characterized by a different Mesh Ratio (MR), which is the ratio between the number of 
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partitions of the local external edge and the number of elements of the global internal edge. Assuming a 
fixed value of 30 partitions for the internal edges of the global domain, the number of partitions on the 
local domain’s side have been chosen equal to 30, 60, 90 and 120, corresponding to MR=1, MR=2, MR=3 
and MR=4. The boundary conditions applied to the plate are schematically shown in Fig. 1 (c). 
   
Fig. 1. (a) Numerical test case-square panel (b) details of plates from MR1 to MR4 (c) constrains referred to a numerical analyses. 
4. Numerical analysis 
In this section the non-linear buckling analyses on the plate are introduced. Results in terms of plate 
stiffness and out of plane displacement are investigated.In shell-to-solid coupling, a global shell domain is 
connected to a local solid one as in Fig.2 (a).A refined plate without global-local interface modeled with 
solid elements has been used in order to verify the behavior of the solid elements in comparison with the 
shell ones.In Fig.2 (b) the load versus end shortening curves obtained from 2D and 3D plates modeled 
with ABAQUS® code and ANSYS® codewithout coupling elements are reported.It can be noticed that in 
Fig. 2 (b) the behavior of the fully 3D models is slightly different from the behavior of the fully 2D FE 
models. 
   
Fig. 2. (a) Plate modeled with shell and solid elements (b) Load vs. End Shortening – full 2D and full 3D analyses. 
This behavior should be taken into account when comparing the global-local solution characterized by 
different MR and the reference solution obtained by analyzing a refined plate constituted of solid elements 
without a global-local interface. This difference is explained in Fig. 3, where the different edges 
deformation for shell and solid elements are shown.  
Fig. 3. (a) undeformed shell plate(b) deformed shell plate(c) undeformed solid plate(d) deformed solid plate. 
The plate shown in Fig. 2 (a) has been analyzed and the results are presented hereafter.The analyses 
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have been performed with ABAQUS® code and ANSYS® code. Two different coupling methods have 
been investigated for ABAQUS: the MPC Slider joined with SS and SSF Bilinear (referred to as MPC-
ABAQUS) and the Kinematic Coupling via weight functions (referred to as MR#-ABAQUS). It is worth 
to notice that the ABAQUS® MPCs for Shell-to-Solid coupling are available only for domains meshed 
with the same density (MR1), while the kinematic coupling via weight functions can be applied for 
different MR values.In Fig. 4 (a), load vs.end shortening curves computed with ABAQUS® code are 
presented. The following models are compared:Kinematic Coupling via weight functions (herein indicated 
as MR1 to MR3); MPC (MultiPoint Constraint); Merged model: a model obtained without constraints of 
any kind; Full 2D model; Full 3D model.The different global-local solutions in ABAQUS® code are 
coincident with the shell solution (except for the post-buckling region), while, as printed out previously, 
the 3D solution is slightly shifted. The merged solution provides results not fully reliable because it does 
not take into account therelation between shell rotation and solid displacements at the interface.In Fig. 4 
(b) the load versus end shortening curves computed by ANSYS Contact and Target Elements are shown. 
Shell and global-local solutions are still very close each other except for the post-buckling region. The 3D 
solution is again a little bit shifted. 
Fig. 4. Load vs. End Shortening (a) ABAQUS (b) ANSYS 
In Fig. 5(a) the out of plane displacement curves along the midline MM’ computed by ABAQUS® 
code via MPC and Kinematic Coupling via weight functions (MR#) are reported and compared with the 
shell reference solution. All solutions are continuous along the interface. The continuity of the 
displacement across the interface is guaranteed, but a slightly difference solution exists. The more 
affordable global-local solution is the MPC one with the same mesh density on the local and global 
domains.In Fig. 5(b) the out of plane displacement curves along the midline computed by ANSYS® code 
via Contact and Target Elements are presented and compared with the shell reference solution. All 
solutions are continuous along the interface, but no global-local solution is very close to the shell solution. 
In Fig. 6 (a), and in detail in Fig. 6 (b), the x-component of the stresses along the midline computed in 
ABAQUS® code via MPC and Kinematic Coupling via weight functions (MR#) are presented. Results 
obtained by using the Kinematic Coupling via weight functions are not continuous along the interface. On 
the other side, results obtained by using the MPCs are continuous and well aligned with the shell solution. 
In Fig 6 (c) the same plot has been reported for ANSYS® code via Contact and Target Elements 
Fig 5. Out of Plane Displacement along midline (a) ABAQUS (b) ANSYS 
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Fig. 6. (a) ABAQUSx-component of the stresses along the midline (b) detail of the interface(c) ANSYSx-stresses 
5. Conclusions 
The following conclusions can be drawn for helping in understanding the field of applicability of the 
different coupling techniques and their effectiveness.Results, in terms of load vs.end shortening, 
computed in ABAQUS® code by using the MPC approach are in good agreement with the shell reference 
solution, except for the post buckling region.Results, in terms of load vs.end shortening, computed in 
ABAQUS® code by using the Kinematic Coupling via weight functions approach and in ANSYS® code 
using the MPC approach for different value of MR are in good agreement with the shell reference solution 
except on the post buckling region,but they are slightly influenced by the parameter MR.Results, in terms 
of distribution along the midline of the Out of plane displacement and x-component of stress, computed in 
ABAQUS® code by using the MPC are in good agreement with the reference solution. The continuity at 
the interface is verified.Results, in terms of distribution along the midline of Out of plane displacement 
and x-component of stress, computed in ABAQUS® code by using the Kinematic Coupling via weight 
functions approach and in ANSYS® code by using the MPC approach for different value of MR are 
slightly different from the shell reference solution. Moreover the continuity of the x-component of stress 
at the interface is not verified. 
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